fore undertaken to investigate their usefulness in diabetic neuropathy. Among the various physical therapies, analgesic electrotherapies such as electroacupunture and transcutaneous electrical nerve stimulation (TENS) are known to be particularly effective, convenient and safe (under certain restrictions).
Patients & Methods
This randomized, comparative, placebo controlled study was performed on a group of 100 patients diagnosed with diabetic neuropathy and referred to the 4th Department of Internal Medicine, Silesian Medical Academy, Katowice, Poland or the Pain Clinic, Mayo Medical Centre of South Africa, Johannesburg. The group consisted of 38 men and 62 women, mean age 63 (SD = 9). 59 patients were diagnosed with Type 1 diabetes mellitus and 41 with Type 2. All patients presented with painful feet, numbness, paraesthesias, hyperaesthesias, weakness of muscles of lower extremities, absent or delayed reflexes from lower limbs as well as loss of vibratory sense. Every fifth patient admitted was allocated to the control group which subsequently consisted of 8 men and 12 women. Eleven control group patients were diagnosed with Type 1 and 9 with Type 2 diabetes mellitus. Consent for participation in the study was obtained from each patient after the nature of the study was explained using a written information sheet.
In addition to their regular medication, each patient was treated with TENS 2-3 times per day, 20-40 minutes, up to 6 months (minimum 1 month). The multipurpose, dual channel (4 electrodes) electrotherapist 6-in-1 device, was used. The 'Chronic Disorder Therapy' mode, which produces preprogrammed chains of voltage pulses was selected. The frequency is cycled between 20Hz, 30Hz, 50Hz and 90Hz. Each frequency is applied 4 seconds on, 2 seconds off for 60 seconds. The intensity could be adjusted between 0V and 160V peak to peak. One electrode was placed just above the internal malleolus while the second electrode was placed on the metatarsus of the same leg (Fig. 1) . The intensity was individually set between the patient's perception and pain thresholds, giving sensations of "tingling" or "pulsation". Since the device is easy to use, patients could perform the procedure themselves.
In 34 more cases electroacupuncture was applied, in addition to the TENS treatment. This consisted of three 30 minute sessions per week, for a maximum of 20 sessions. Selected classical acupuncture points of the lower legs were used, with locations as defined in classical acupuncture manuals: SP6, ST36, BL62, BL58, GB43 and LR2. All displayed increased sensitivity to physical pressure and a high degree of electrical rectification. [8] [9] [10] [11] [12] They were stimulated with needles and electrical currents (parameters as above with reduced voltage).
After patients reported satisfactory pain relief over 24 hours and a reduction in the use of analgesics, they were discharged from the trial and advised to continue with home electrotherapy, at least one session every three days.
Patients in control group were treated over one month with a modified electrotherapist unit that did not produce any output current, but was otherwise unchanged.
Pain intensity was assessed before the first electrotherapy session and one week after completion of the treatment course, using the following methods: 1) Visual analogue scale (0% = no pain, 100% maximum imaginable pain). The Student's T test was used to calculate statistical significance. 2) Use of analgesics: *** -extensive use (highest allowed dosages on regular basis and narcotics occasionally), **-moderate use (average dosages used on regular basis, no narcotics, *-occasional use (low dosages used intermittently). The c 2 -test was used to calculate statistical significance.
3) Walking ability : ***-not walking, **-walk with difficulty, *-normal walking. The c 2 -test was used to calculate statistical significance.. P < 0.05 was accepted as the statistically significant difference.
Results
The level of pain reported by patients according to the visual analogue scale, was significantly reduced after the electrotherapy course in the combined Type 1 and Type 2 group from 75±10.5% to 22±6.0% (Fig 2) . There was no statistically The use of analgesics dropped significantly after the electrotherapy course in the combined Type 1 and Type 2 group (Table 1) . There was no statistically significant difference between the results obtained for the Type 1 and Type 2 groups. Extensive use of analgesics was eliminated and in 67% of patients only occasional use was required (Fig 3) . In the control group the use of analgesics did not change significantly.
Walking ability improved significantly in patients treated with electrotherapy who reported pain relief (Table 2 ). There was no statistically significant difference between the results obtained for the Type 1 and Type 2 groups. All immobile patients regained their ability to walk and the group of patients with normal walking ability increased from 40% to 66% (Fig.4) . In the control group mobility was not improved.
In patients reporting pain relief improvement of muscle strength and normalization of reflexes from lower extremities were observed (but not researched). Dermal perception and colour of lower legs were also normalized.
No negative side effects of the described electrotherapy were observed.
Discussion
Little research has been reported in literature regarding the use of electrotherapy in the treatment of diabetic neuropathy. However, the limited evidence 2, [4] [5] [6] [7] indicates that this kind of treatment can potentially play an important role in the man- x -Statistically significant difference in frequencies of *, ** and *** compared with Control, P < 0.001. y -Statistically significant difference in frequencies of *, ** and *** compared with Control, P < 0.05. No statistically significant differences between Type 1 and Type 2 results. agement of this condition. Electroacupunture and TENS were even shown to be effective in treating experimentally induced diabetic neuropathy in rats. 5 Most authors suggest that the beneficial influence of electrotherapy on diabetic neuropathy is due to improved local blood circulation 2-4,6,13,14 probably through axon reflex vasodilatation. Various electrode placements have been described, including local acupuncture points, the lumbo-sacral region and spinal cord stimulation.
This study confirmed the high effectiveness of electrotherapy in the control of pain associated with diabetic neuropathy. In contrary to pharmacotherapy, no side-effects were observed. According to our investigations using radioisotopes 2 , both electroacupuncture and TENS improved local blood circulation in the lower legs for several hours after each treatment. Improved microcirculation could facilitate recovery of damaged nerves. This could explain the long-term clinical improvement generally observed after the course of electrotherapy.
There are many hypotheses which try to explain the immediate analgesic effect produced by electroacupuncture and TENS. [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] However, even the most well known theories adopted for this purpose e.g. Melzack and Wall's 'gate control' theory 20 (Zimmermann modification) 26 and the endorphinic theory 17, 19, [21] [22] [23] show significant drawbacks in this sphere. The 'gate control" mechanism may simply lead to self-blocking, it also eliminates superficial dermal pain perception, which is always observed during acupuncture and electrotherapeutic procedures.
Electroacupuncture stimulates both nociceptive and nonnociceptive nervous receptors and in this way can elevate the level of endorphins in blood serum, especially when applied to healthy parts of the body (for experimental purposes). TENS stimulates non-nociceptive receptors and decreases the level of endorphins when applied to pain sufferers for therapeutic purposes . 27 This clearly indicates that electroanalgesia does not rely on the release of endorphins. In addition, the therapeutic specificity of acupuncture points as well as the utilisation of these points for organ diagnostics 8,10,11,28-32 cannot be explained by the release of endorphins or other chemicals.
Pain is basically a signal sent from damaged tissue to decision making centers of the central nervous system. As a basic protective mechanism, the pain induces contraction of related muscles in a reflexive way, including muscles of local arteries. Therefore, by blocking pain signals, at the level of the local reflex arc, improvement in local circulation can be expected.
There is a lot of evidence 12 that so-called reflexive therapies can block pain signals at the level of the local reflex arc. The term reflexive therapies describes physical methods which stimulate certain skin areas in order to improve the condition of particular internal organs. They include not only electroacupuncture and TENS but also classical acupunture, pressopuncture, thermotherapy (reflexive cryotherapy, moxa), soft laser therapy etc. There are specific neurophysiological mechanisms 12 which filter information directed to the central nervous system (neural convergence principle), because the brain cannot process all available information at the same time. These mechanisms give higher priority to signals resulting from external stimuli (skin) than to messages coming from internal organs. Information coming from sensory organs, including the skin, is more important for the organism's self defense and survival. This is why painful sensations originating from various parts of the body can be blocked at the convergence point even by mild stimulation of the relevant skin areas. In addition, by breaking the relevant reflex arc, chronically contracted muscles can be relaxed, local blood circulation improved and adequate changes can even be induced in hormonal levels. In this way both the immediate analgesic effect and the vasodilatation phenomenon of electrotherapy can be explained.
Stronger signals from the skin have a greater probability of eliminating pain signals at the convergence point. 12 That is why electroacupuncture, as more irritative in general, produces quicker results than TENS. For the same reason our therapeutic current parameters were selected to produce maximal irritation, while ensuring safety. 33 Modulation of frequency and amplitude prevents adaptation of dermal nervous receptors and eliminates the need to adjust intensity during the procedure. Any injury to the diabetic foot poses a risk of ulceration which could even result in amputation. Therefore any electrostimulation which contains a direct current component is contraindicated since it could lead to bums. Our electrode placement was empirically determined, over several years of experimentation.
Electroacupuncture, although effective, can be uncomfortable and requires a qualified operator and a sterile environment. TENS is safe, convenient and very cost effective and can be performed by the patient himself on a regular basis, at home or even at the workplace.
Conclusions

1) Analgesic
electrotherapy, which includes electroacupuncture and TENS, is effective in controlling pain associated with diabetic neuropathy. 2) If correctly applied, analgesic electrotherapy does not produce any side effects. 3) Any electrostimulation involving a direct current component is contraindicated in diabetic neuropathy, since it could cause serious complications. 
